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Abstract 
 
Social belongingness is a fundamental human need associated with a host of positive 
physiological and psychological health outcomes. Academic stress is a frequent and major 
stressor for undergraduate students that can negatively impact students’ physical and 
psychological well-being. Could social belongingness buffer the negative psychological and 
physical effects of exam stress within college students? The goal of the present study was to 
investigate whether social belongingness attenuated physiological (i.e., salivary cortisol, 
interleukin-6 [IL-6]) and psychological responses to exam stress. Participants (N=52) completed 
two study sessions: one during a week they did not have any exams (baseline), and one the day 
of a stressful exam. During their baseline session, participants completed a battery of 
questionnaires assessing their baseline levels of stress and social belongingness, and provided 
saliva and blood spot samples to measure salivary cortisol and IL-6. During the exam stress 
session, participants again completed a measure of psychological stress, and provided saliva and 
blood spot samples. Results showed significant increases in perceived stress during the exam 
stress session compared to the baseline session. However, levels of cortisol and IL-6 during 
baseline and exam stress sessions were not significantly different. Belongingness did not predict 
physiological or psychological stress reactivity, but did predict lower levels of psychological 
stress at both baseline and stress sessions. Results of the present study suggest that belongingness 
may protect against general stress levels. Findings can be used to create and implement 
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An Investigation of Social Belongingness as a Predictor of Physiological and Psychological 
Responses to Exam Stress 
 
Social belongingness is a fundamental human need, similar to seeking food and water 
(Baumeister & Leary, 1995). Previous research demonstrates that higher levels of social 
belongingness are linked to a host of positive outcomes, including greater subjective well-being 
and greater academic motivation, achievement and persistence (Asghar, 2019; Renk & Smith, 
2007). The well-demonstrated relationship between higher levels of belongingness and positive 
outcomes suggests that lower levels of belongingness are harmful. Individuals who lack a sense 
of social connectedness have higher instances of chronic loneliness, lower self-esteem, high trait 
anxiety, and greater social distrust (Lee et al., 2002). Further, such chronic loneliness can 
accelerate premature aging, increase the risk of cardiovascular disease, and lead to higher rates of 
anxiety and depression (Asghar, 2019). Indeed, social belongingness is critical to both physical 
and psychological health.  
Maintenance of social belongingness is particularly important for undergraduate students, 
as college is a critical developmental period for young adults, characterized by increased 
independence (Lee et al., 2002). In fact, social support has a direct, positive relationship to 
college adjustment, indicating that individuals with higher levels of support report increased 
management of academic demands, positive interpersonal experiences, and reduced distress 
(Solberg et al., 1994). Although college is associated with increased academic demands, high 
levels of social belongingness can serve as a buffer for high stress levels during periods of 
transition, significantly maintaining physical health (Kennedy & Tuckman, 2013; Renk & Smith, 
2007). It has been demonstrated that reduced belongingness results in lower GPA and course 
grades, but little is known about the impact of high belongingness on academic outcomes (Renk 
& Smith, 2007; Roozendaal, 2002; Walton et al., 2012; Struthers et al., 2000). One potential 
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mechanism could be reduced stress reactivity, due to the prevalence of stress in daily life, impact 
on memory, and disruptive cognitive effects (Baumeister & Leary, 1995; Asghar, 2019). One 
often-experienced stressor that college students face is taking high-stakes exams in their courses. 
Indeed, test-anxiety has been shown to relate to poorer academic outcomes (Gaudier-Diaz et al., 
2019; Walton et al., 2012; Struthers et al., 2000). Thus, the present study will examine social 
belongingness as a potential buffer of the exam stress response. 
Mechanisms of Exam Stress 
 Stress occurs when either actual or perceived threats disrupt the body’s natural state of 
homeostasis and well-being, exceeding the body’s ability to cope (Glaser & Kiecolt-Glaser, 
2005; Myers et al., 2012). Stressors can be extrinsic, intrinsic, or both, suggesting that the stress 
response can occur due to a variety of stimuli or events (Glaser & Kiecolt-Glaser, 2005; 
Guilliams & Edwards, 2010). Extrinsic stressors occur in an organism’s external environment, 
and could include high workload, loss, or loud noises. Intrinsic stressors occur within one’s 
body, and could include fear, perfectionism, or negative self-talk (Glaser & Kiecolt-Glaser, 
2005). In response to stress, the body’s autonomic, behavioral, endocrine, and immune systems 
work together to redistribute energy to critical regions of the body to return to a homeostatic state 
(Myers et al., 2010). Academic stress is a frequent and salient stressor for undergraduate 
students, due to perceived threat to future job success and financial security (Shamsdin et al., 
2010). Therefore, exam stress is an anticipated and discrete example of an everyday stressor that 
can be studied in the laboratory (Shamsdin et al., 2010).  
Physiological Reactivity to Stress 
The hypothalamic-pituitary-adrenal (HPA) axis is a frequently referenced pathway of the 
stress response (Padget & Glaser, 2003; Christian & Glaser, 2011). During this response, 
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glucocorticoids, such as cortisol, are released by the adrenal cortex to increase the amount of 
available glucose for the body to use (Guilliams & Edwards, 2010). In the laboratory, measures 
of salivary cortisol are often utilized to provide a reliable measure of HPA-axis activity in 
response to stress, as saliva collection is relatively noninvasive (Hellhammer, 2009). High levels 
of cortisol are beneficial to respond to stress in the short-term. However, chronically high levels 
of cortisol can lead to hyperthyroidism, metabolic syndromes, and various other harmful 
disorders (Myers et al., 2012). Previous research has demonstrated a strong link between 
academic stress and increased levels of salivary cortisol. A past study observing medical students 
concluded that there was a significant increase in salivary cortisol approximately one hour before 
an exam (Shamsdin et al., 2010). This finding extended to undergraduate students, as significant 
increases in both salivary cortisol and self-reported stress were found during an exam week 
versus a non-exam week (Murphy et al., 2010). In sum, activation of the HPA-axis by everyday 
stressors, such as exams, may be a critical pathway linking stress and physical health. 
In directing the stress response, there is a bidirectional relationship between the central 
nervous system and the immune system, which is mediated in part by the sympathetic nervous 
system and the endocrine system (Christian & Glaser, 2011). Catecholamines, including 
epinephrine and norepinephrine, are able to bind to receptors on white blood cells, regulating 
immune responses of the body (Padget & Glaser, 2003; Segerstrom & Miller, 2004; Murphy et 
al., 2010). More specifically, the pro-inflammatory cytokine interleukin-6 (IL-6) is released by 
the immune system during times of stress in order to induce inflammation and trigger the 
creation of various immune cells (Glaser & Kiecolt-Glaser, 2005). From an evolutionary 
perspective, this “fight or flight” response has allowed the immune system to maximize its 
effectiveness in preventing pathogens from entering the system. Yet, chronic activation of these 
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stress responses can suppress the immune system, leading to a higher susceptibility of chronic 
illness, such as cardiovascular disease, cancer, and depression (Segerstrom & Miller, 2004).  
Transient increases in IL-6 often accompany both physiological and psychological 
stressors (Segerstrom & Miller, 2004; Glaser & Kiecolt-Glaser, 2005). Historically, academic 
exams have significantly increased the activation of pro-inflammatory responses in healthy 
participants (Shamsdin et al., 2010; Kamezaki et al., 2012). Specifically, a previous study 
concluded that there was a significant increase in adolescents’ IL-6 levels during exams (Kang et 
al., 1997). Additionally, wounds induced 3 days before a major test healed significantly slower 
than those induced during a non-stress period, suggesting that wound healing is slower if an 
individual is stressed (Kiecolt-Glaser, 1999). Since high levels of IL-6 are associated with 
autoimmune disorders and chronic inflammation, it is important to further investigate potential 
causes for increased IL-6 (Glaser & Kiecolt-Glaser, 2005).  
Psychological Reactivity 
Academic stress also impacts a variety of psychological outcomes, such as well-being 
(Shamsdin et al., 2010). The psychological stress response is related to various depressive 
symptoms, including fatigue, insomnia, and negative affect (Kamezaki et al., 2012). During an 
exam period, undergraduate students experience increases in negative mental health symptoms 
(i.e poor daytime functioning, anxiety, depression) and decreases in positive mental health 
symptoms (i.e self-esteem, social and mental health, general well-being) compared to baseline 
(Shamsdin et al., 2010; Campbell et al., 2018). Additionally, exam stress is predictive of reduced 
sleep quality due to increased tension, over-arousal, and an inability to relax (Campbell et al., 
2018). The combination of reduced sleep and increased glucocorticoid production significantly 
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reduces memory consolidation and retrieval, suggesting a negative impact of exam stress on 
academic outcomes (Struthers et al., 2000; Roozendaal, 2002; Campbell et al., 2018). 
Social Belongingness and Exam Stress 
 The transition to college is associated with increased academic demands and pressure to 
succeed (Lee et al., 2002). College students tend to seek more social support as levels of 
academic stress increase, suggesting that social support may be used as a coping mechanism to 
combat the negative effects of stress (Renk & Smith, 2007). Past literature is consistent with the 
idea that social support is beneficial for the immune response. Specifically, undergraduate 
students who reported higher levels of social support had a stronger immune response to 
vaccines and higher S-IgA levels, indicative of increased immune protection (Kiecolt-Glaser, 
1999; Murphy et al., 2010). Similarly, lonelier students had lower NK cell activity, suggesting a 
generally weak immune response (Kiecolt-Glaser, 1999). The conclusions of these studies 
consistently reinforce the physiological benefits of social support, highlighting the importance of 
social belongingness for a variety of health measures.  
 Beyond improvements within the immune response, higher levels of social belongingness 
are also associated with various psychological benefits. A previous study analyzing 
undergraduate and graduate students concluded that interventions to improve social support were 
effective in improving perceived stress in both groups (Yusufov et al., 2018). Supportive 
environments make people feel safe to explore and pursue different interests, resulting in an 
increase in motivation beginning at a young age (Walton et al., 2012). Longitudinal research 
demonstrates that students who report increased feelings of connectedness to teachers and peers 
have higher levels of academic motivation months, or even years, later (Walton et al., 2012). 
Specifically, threats to the belongingness of individuals in various minority groups result in 
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lower course grades (Walton et al., 2012). In fact, implementation of a social belonging 
intervention in minority students resulted in better performance in academic contexts, and better 
health outcomes over time (Walton & Cohen, 2011). This trend may exist due to the ability for 
loneliness and other psychological impairments to result in memory deficits, decreasing overall 
academic performance (Asghar, 2019).  
The Present Study 
According to current research, it is clear that low levels of social belongingness are 
harmful for both physiological and psychological health. Additionally, academic stress is 
prevalent in the undergraduate student population, and may result in poor memory and 
educational outcomes. Although previous studies have supported these widespread trends, there 
are gaps in the literature regarding the specific link between belongingness and academic 
outcomes. Specifically, the present study addresses a gap by investigating whether social 
belongingness can buffer the negative effects of exam stress on inflammation, the HPA-axis, and 
perceived stress.  
With this research in mind, I hypothesized that high levels of social belongingness buffer 
the physiological and psychological exam stress response in undergraduate students. 
Specifically, I predicted that cortisol, IL-6, and perceived stress would be higher the morning of 
an important exam compared to a morning during a week with no exams. Additionally, 
participants with higher levels of belongingness were predicted to show smaller increases in 
physiological and psychological stress across sessions.  
To address these hypotheses, participants (i.e., UNC-CH and Wofford College 
undergraduate students) in the present study completed two study sessions: one during a week in 
which the student did not have any exams, and one the day of their self-reported hardest class 
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(i.e., stressful exam). Participants completed questionnaires to assess psychological stress and 
social belongingness. Additionally, saliva and dried blood spot samples were collected to 
quantify physiological responses to exam stress. Utilizing both baseline and stress assessments, 
the effects of belongingness on psychological and physiological stress reactivity were 
comprehensively evaluated. As a whole, this project will lay a foundation for future research to 
better understand the mechanisms through which high levels of social belongingness may buffer 
the negative effects of academic stress for undergraduate students. These findings can inform 





Participants were recruited by emailing a flyer and short description of the study 
requirements to various University of North Carolina at Chapel Hill and Wofford College 
departmental listservs. Additionally, the recruitment message was sent to student organizations 
on campus that include higher volumes of minority students, such as the Asian American 
Students Organization and the Carolina Latinx Center, in an effort to recruit a diverse sample of 
participants. Interested participants first completed a Qualtrics screening questionnaire to 
determine eligibility. Then, eligible participants (i.e., those within the 18-25 age range, no 
physical, mental, or immune illnesses, not pregnant) were contacted on the phone to schedule the 
two in-person study sessions. Session I was scheduled during a week in which the student did not 
have any exams, and Session II was scheduled on the day of a stressful exam. 
In total, participants (N =95) (i.e., UNC-CH and Wofford College undergraduate 
students) encompassed a total age range of 18 to 25 years old (Mage =20.36, SDage =1.41). The 
sample consisted of 60% females and 40% males, while 7 participants did not report their sex. 
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Most participants self-reported their race as White (66.7%), followed by Asian (14.7%), Other 
(3.9%), Bi/multiracial (2.9%) and Black/African American (2.9%). The majority (87.2%) of the 
sample reported not being Hispanic/Latino, while 8 participants did not report their ethnicity. 
Participants were compensated $10 after Session I, Session II, and the follow-up survey, for a 
total of $30.  
Design and Procedure 
 To assess physiological and psychological responses to exam stress as a possible 
mechanism through which low levels of belongingness is harmful for undergraduate students, all 
participants completed a combination of in-person and remote tasks. Three days before Session I, 
participants were sent a long-term memory task to complete on their own time using a personal 
computer. Since this task is not relevant to my primary aims, it is not discussed further in this 
paper.  
During Session 1, participants first completed a collection of questionnaires on an I-pad. 
These questionnaires included the Social Connectedness Scale (SCS), Perceived Stress Scale 
(PSS), Student Motivations for Attending University Scale, Motivated Strategies for Learning 
Questionnaire, Social Assurance Scale, Social Class and Bicultural Identity Integration Scale, 
UCLA Loneliness Scale, Social Support Questionnaire, and a measure of parental education, 
among others.  Our primary questionnaires of interest were the Social Connectedness Scale 
(SCS) and the Perceived Stress Scale (PSS), but the other questionnaires were included to 
investigate additional research questions in other projects.  
During Session 1, biological specimen (i.e., saliva and dried blood spot) collection was 
completed. To obtain dried blood spot samples, the research assistant pricked the participant’s 
ring finger using an automatic lancet. The research assistant guided five total drops of blood onto 
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a protein saver card. The participant was instructed how to collect saliva via a passive drool. 
Additionally, the participant was administered the digits backwards working memory task and 
the Stroop task. These tasks were also not relevant to my primary aims and will not be discussed 
further in this paper. The in-lab session lasted for approximately 30 minutes and participants 
were compensated at the end of the session.  
 Similar procedures were completed for Session II, which occurred on a day in which the 
participant had a stressful exam. Again, three days before Session II, participants completed a 
long-term memory task on a personal computer at their own time. When participants arrived for 
Session II, they filled out a short questionnaire, including details about the exam and the PSS. 
The in-lab procedures of Session II were the same as Session I: dried blood spot and saliva 
samples were collected from the participant and the working memory task and Stroop task were 
administered. Once all data was collected, participants were sent a debriefing email and 
compensation.  
 A subset of participants (N = 15) completed the study using modified procedures due to 
the emergence of the COVID-19 pandemic. These participants were sent instructions on how to 
obtain dried blood spot and saliva samples to review before the in-person sessions. Twenty-four 
hours before each in-person session, participants were sent a text message to screen for COVID-
19 symptoms. This screening message asked participants if they were currently experiencing 
COVID-19 symptoms (i.e. fever, cough, fatigue, shortness of breath, etc.), had been in close 
contact with anyone known or suspected to have COVID-19, were currently quarantining, or 
were awaiting the results of a COVID-19 test. If the participants reported COVID-19 symptoms 
or exposure, their study session was rescheduled for a later date, at least 2 weeks later. 
Participants were sent all questionnaires to be completed remotely on the day of their study 
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sessions, in order to minimize the amount of in-person exposure. During the in-person sessions, 
biological specimen (i.e., saliva and dried blood spot) collection was completed by the 
participant themselves, while the researcher supervised from a safe distance of at least six feet. 
The modified in-lab sessions only lasted approximately 15 minutes each. 
Saliva Collection. Collecting saliva is a simple, noninvasive, and easily accessible 
method of assessing cortisol presence (Poll et al., 2007). Although the amount of free cortisol 
present in saliva is lower than that in serum, salivary cortisol is proportionally related to serum 
cortisol, which increases upon stimulation of the HPA-axis (Kämäräinen et al., 2018). Therefore, 
saliva collection provides a means to quantify cortisol responses. Saliva samples in the present 
study were collected using a passive drool method. Participants were instructed to allow saliva to 
pool in their mouth, potentially while thinking about an appetizing meal. Following this, 
participants leaned their heads forward, allowing saliva to fall into a small straw and be guided 
into the plastic tube for storage and analysis. For participants after the emergence of the COVID-
19 pandemic, the passive drool method was not used. Instead, a Salivette, a more hygienic 
method of saliva collection, was used due to a decreased likelihood of exposure to airborne 
pathogens. To obtain saliva using this new method, the participants removed the swab from the 
Salivette tube and placed it in their mouths. Participants chewed on the swab for 60 seconds to 
stimulate salivation and placed it back into the Salivette tube. Following this, research personnel 
spun the sample in a centrifuge in order to extract the saliva from the swab.  
Dried Blood Spot (DBS) Sampling. The common method for measuring levels of 
inflammation is through obtaining whole blood samples through a venipuncture from 
participants. Yet, this method is invasive, carries more risks through needle and syringe use, and 
requires phlebotomy training (Edelbroek, Heijden, & Stolk, 2009). Dried blood spot (DBS) 
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sampling is a simple, inexpensive, and less invasive route. Historically, DBS sampling has been 
used to study the prevalence of hepatitis B, measles, and rubella due to low infectious hazards 
and the ease with which samples can be obtained from larger populations (Parker & Cubitt, 
1999). DBS use has been proposed for the development of drugs such as antiepileptics, 
antimalarials, and antibiotics (Edelbroek, Heijden, & Stolk, 2009).  
The present study uses DBS sampling to obtain a total of 5 drops of blood onto a protein 
saver card. Before samples are taken, the participant engages in a variety of movements to warm 
the hand and increase blood flow to the fingers. Blood is taken from the ring finger of each hand 
using an automatic lancet. Drops are obtained as the participant massages or “milks” the finger, 
guiding the drops to the corresponding circles on the protein saver card. It is important to waste 
the first drop of blood, as it contains high concentrations of interstitial and intracellular fluids 
that could interfere with IL-6 measurements (Edelbroek, Heijden, & Stolk, 2009). Filled protein 
saver cards must be dried overnight to rid the card of any moisture that could introduce bacteria 
and/or harm the specimens. Samples are then placed in a freezer at -80 °C for long-term storage 
until assays and analysis are completed.  
Measures 
Social Connectedness Scale (SCS). This 8-item self-report measure was designed to 
measure an individual’s sense of belongingness. The scale assesses three common components 
of belongingness: connectedness (4 items), affiliation (3 items), and companionship (1 item) 
(Lee & Robbins, 1995). The content of each item represents a sense of social disconnectedness 
and emotional detachment, such as “Even around people I know, I don’t feel that I really belong” 
and “I don’t feel related to anyone.” Since the goal of the scale is to assess belongingness, the 
item content emphasizes the inverse relationship between items (i.e., sense of detachment) and 
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scores (i.e., agree vs. disagree). Participants responded to each statement on a 6-point Likert 
scale that ranged from 1 (agree) to 6 (disagree). Therefore, lower scores (i.e., increased 
agreement with disconnectedness statements) reflect a decreased sense of belongingness (Lee & 
Robbins, 1995). The total score for each participant was determined by adding the scores across 
the 8 items and dividing by 8 to yield the mean score. The Social Connectedness Scale had high 
internal reliability (ɑ=0.947).  
Perceived Stress Scale (PSS). This 10-item self-report measure is the most commonly 
used psychological tool for measuring perceived stress. Specifically, the scale seeks to determine 
the degree to which individuals perceive events to be stressful, uncontrollable, or unpredictable 
(Cohen et al., 1983). Previous research has demonstrated a correlation between PSS scores and 
life-event impact scores, behavioral data, and symptoms of depression and anxiety (Cohen et al., 
1983; Lee, 2012). Additionally, scores on the PSS are valid predictors of health-related outcomes 
(Cohen et al., 1983). The PSS has been most widely validated using community samples of 
college students and workers, suggesting promise for measuring psychological stress in the 
present study (Lee, 2012).  
PSS items include, “In the last week, how often have you felt that you were unable to 
control important things in your life?” and “In the last week, how often have you felt nervous 
and ‘stressed’?” Each question was intentionally written as very general in order to apply to the 
wide variety of possible stressors that individuals experience (Cohen et al., 1983). Participants 
responded to each statement on a 5-point Likert scale that ranged from 0 (Never) to 4 (Very 
Often). Therefore, lower scores (i.e. decreased agreement with stressful statements) reflect a 
lower degree of perceived stress (Cohen et al., 1983; Lee, 2012). The total score for each 
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participant was determined by adding the scores across the 10 items and dividing by 10 to yield 
the mean score. The questionnaire had high internal reliability (𝛂 = 0.840). 
Cortisol ELISA Assay. To quantify the amount of cortisol present in saliva samples, an 
ELISA assay was run according to the manufacturer’s protocol. A total of 136 samples were run, 
2 for each participant, representing both baseline and stress measures (N = 68). During the assay 
process, some samples were unable to be properly pipetted due to too little saliva or 
contamination. Data from these participants, as well as those with CV > 30, were removed before 
statistical tests. A total of 100 samples (N = 50) were included for the final analyses.  
Dried Blood Spot Extraction & IL-6 ELLA Assay. To extract dried blood spots from 
the protein saver cards, a total of two 5mm punches were taken across two of the blood spots. 
These punches were plated with 75 uL of sample diluent and wash buffer mix. The plates were 
incubated at 4 °C overnight with light rotation. Following this, an IL-6 ELLA assay was run 
according to the manufacturer’s protocol. A total of 145 samples were run, across both baseline 
and stress sessions. During the assay process, we were unable to obtain full 5 mm punches from 
some samples due to the small amount of blood present. These samples, as well as those with CV 
> 30, were removed before statistical tests were run. The final, cleaned data set contained both 




First, we examined descriptive statistics to check for normality of and outliers on various 
key variables. Perceived stress, measured on a scale from 1-4, was normally distributed at both 
baseline (N=94, M=2.35, SD=0.575) and on the day of a stressful exam (N=52, M =2.67, 
SD=0.616). Social belongingness was not normally distributed, and instead followed a 
SOCIAL BELONGINGNESS AND EXAM STRESS                                                                16 
significant left skew (N=96, M=5.01, SD=0.963) (Figure 1). No significant outliers were 
uncovered for either perceived stress or social belongingness. 
To analyze the effect of time on salivary cortisol, dried blood spot IL-6, and perceived 
psychological stress, several paired samples t-tests were conducted. These within-subjects 
measures were analyzed between Session I (i.e., baseline) and Session II (i.e., exam stress). 
Therefore, the analyses quantified physiological (i.e., IL-6, cortisol) and psychological (i.e., PSS) 
responses to the exam stress. Additionally, a between-subjects ANCOVA was run in order to 
evaluate belongingness as a potential predictor of physiological and psychological reactivity to 
exam stress. Further exploratory analyses were completed to investigate correlational 
relationships between key variables.  
Paired Samples T-Tests for Exam Stress 
To determine whether levels of cortisol, IL-6, and perceived stress measures differed as a 
function of time (i.e., baseline vs. exam stress session), we conducted several paired samples t-
tests. 
 Cortisol & Exam Stress. A paired-samples t-test revealed that participants did not have 
significantly higher levels of salivary cortisol on days they had an exam (M=0.47, SD=0.227) 
than on days they did not have an exam (M=0.46, SD=0.197, t(49)=-0.075, p = .940 (Figure 2).  
IL-6 & Exam Stress. A paired-samples t-test revealed that participants did not have 
significantly higher levels of IL-6 on days they had an exam (M=1.23, SD=1.086) than on days 
they did not have an exam (M=0.99, SD=0.783, t(28)=-1.152, p = .259 (Figure 3). A repeated-
measures analysis of variance (ANOVA) was performed to control for participant body mass 
index (BMI). The trend remained, such that participants did not have significantly higher levels 
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of IL-6 on days they had an exam than on days they did not have an exam F(1,27)=0.708, 
p=.407. 
Psychological Exam Stress. A paired-samples t-test revealed that participants reported 
significantly higher levels of perceived stress on days they had an exam (M=2.67, SD=0.616) 
than on days they did not have an exam (M=2.38, SD=0.574), t(51)=-4.366, p = .000 (Figure 4).  
Social Belongingness ANCOVAs 
 To determine whether social belongingness predicted physiological and psychological 
exam stress reactivity, we conducted several repeated-measures ANCOVAs comparing changes 
in cortisol, IL-6, and perceived stress across the baseline session and the exam session with 
social belongingness as a covariate. Social belongingness did not predict differences in salivary 
cortisol between the baseline session and the exam stress session, F(1,48)=0.399, p = .883. 
Social belongingness also did not predict differences in IL-6 between the baseline session and 
the exam stress session, F(1,27)=1.004, p = .729. Finally, social belongingness did not predict 
differences in PSS between the baseline session and the exam stress session, F(1,50) = 0.479, p = 
.492.  
Exploratory Analyses 
Since social belongingness was found to not be normally distributed, we decided to 
conduct exploratory analyses using a median split of social belongingness to better capture the 
distribution of these data in our sample. Cortisol reactivity was not significantly different 
between the moderate and high belongingness groups at both time points, F(1,48)=0.002, p = 
.963 (Figure 5). IL-6 reactivity for participants of moderate belongingness produced marginally 
significant increases from baseline (M=0.83) to exam stress (M=1.38) sessions, F(1,27) = 3.70, p 
= .065. Contrastingly, IL-6 reactivity for participants of high belongingness produced marginally 
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significant decreases from baseline (M=1.25) to exam stress (M=0.99) sessions, F(1,27) = 3.70, p 
= .065 (Figure 6). Lastly, perceived stress was not significantly different between the moderate 
and high belongingness groups, F(1,50) = 0.849, p = .361 (Figure 7).  
Additionally, exploratory correlational analyses were run in order to investigate 
relationships between key variables in the study. A strong, positive correlation was observed 
between perceived stress at baseline and perceived stress on the day of a stressful exam, r(52) = 
.69, p = 0.000. Strong, negative correlations were observed between social belongingness and 
both perceived stress at baseline (r(94) = -.47, p = 0.000) and perceived stress on the day of a 
stressful exam, r(52) = -.36, p = 0.000. There was a significant negative correlation between 
social belongingness and loneliness, r(96) = -.71, p = 0.000.  
Discussion 
 
The present study investigated social belongingness as a potential buffer of the 
physiological and psychological impacts of exam stress in undergraduate students. It was 
hypothesized that cortisol, IL-6, and perceived stress would be higher at the exam stress session 
than the baseline session. Additionally, participants with higher levels of belongingness were 
predicted to show smaller increases in cortisol, IL-6, and perceived stress across sessions. In 
agreement with my predictions, perceived stress was significantly higher at the exam stress 
session compared to the baseline session. Counter to my predictions, cortisol and IL-6 were not 
significantly different at the exam stress session compared to the baseline session. Lastly, levels 
of belongingness did not predict physiological or psychological exam stress reactivity. Rather, 
lower levels of belongingness were associated with significantly higher levels of perceived stress 
across both sessions. Implications and limitations of the present work are discussed further. 
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Physiological and Psychological Responses to Exam Stress 
 The findings of the present study seem to contradict results of previous studies that 
investigated physiological reactivity to academic stress. Previous research has observed transient 
increases in IL-6 and salivary cortisol in response to physiological and psychological stressors 
(Segerstrom & Miller, 2004; Glaser & Kiecolt-Glaser, 2005; Guilliams & Edwards, 2010). 
Specifically, past studies have reported increased levels of IL-6 and salivary cortisol in response 
to academic exams (Kang et al., 1997; Shamsdin et al., 2010, Murphy et al., 2010). The present 
study did not observe significantly higher levels of cortisol or IL-6 on days in which students had 
exams versus days that they did not have an exam. These results would imply that cortisol and 
IL-6 are not significant markers involved in the physiological stress response for undergraduate 
academic exams.  
However, it is important to consider extraneous variables that may have impacted the 
trends seen in the current results. Cortisol has a diurnal rhythm, meaning that its levels in the 
body rise and fall with natural light-dark cycles. As such, measures naturally fluctuate depending 
on the time of day, with a peak in the early morning and a slow decline through the afternoon 
(Ryan et al., 2016). Although we intended to schedule participants at the same time for both 
sessions to control for this, it was not able to be consistently upheld due to scheduling 
difficulties. This variation would impact both within and between subject comparisons of 
salivary cortisol and may provide an explanation for the lack of main effect and high standard 
deviation within each time point. To control for the diurnal rhythm of cortisol in future studies, 
participants should all come into the lab at the same time across all sessions.  
 Similar to the trend observed with cortisol, IL-6 did not significantly increase over time 
(i.e., between the baseline and exam stress sessions), even after controlling for BMI. Although 
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the lack of significance counters previous research, the mean IL-6 on days of an exam (M=1.232) 
was relatively higher than mean IL-6 on days of no exam (M=0.987). Due to the high level of 
missing data and samples that needed to be excluded, the final sample size for analysis of IL-6 
data was very small (N=29). This observation may imply that the slight increase in IL-6 is 
reproducing the expected trend, but is insignificant due to the low power offered by the small 
sample size. Future studies could evaluate the likelihood of this prediction by completing similar 
methods but with a larger (N>100) sample size to offer increased detection power.  
The findings of the present study regarding psychological stress seem to agree with 
previous studies. Specifically, past research has concluded that changes in psychological stress 
tend to accompany academic stress. Individuals with high psychological stress in response to 
exams were found to have high negative health scores, reduced sleep quality, and an inability to 
relax (Shamsdin et al., 2010; Kamezaki et al., 2012; Campbell et al., 2018). Results of the 
present study support these theories presented in past literature, suggesting that students do 
experience increases in psychological stress in response to exams. It is important to consider that 
perceived stress measures were reliant on self-report data and may have been subjected to self-
report bias. However, the breadth of literature supporting the relationship between psychological 
stress and academic exams suggests that the significant relationship uncovered in the present 
study is likely valid.  
Social Belongingness and Exam Stress 
 Additional findings did not find social belongingness to buffer physiological and 
psychological stress reactivity. However, past research has stated that social support is often used 
as a coping mechanism to combat negative effects of stress and has even been found to be 
beneficial for the immune response (Kiecolt-Glaser, 1999; Renk & Smith, 2007; Murphy et al., 
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2010). Therefore, it was hypothesized that high levels of social belongingness could buffer exam 
stress reactivity. However, the present study observed different results, as social belongingness 
was not found to predict levels of physiological and psychological stress reactivity. These results 
were not expected, but may be due to a combination of various factors.  
First, features of the social belongingness of participants in the present sample may have 
caused a restricted range that prevented us from detecting significant effects. Specifically, social 
belongingness was not normally distributed across the sample, as participants generally reported 
very high levels of belongingness, with only 4 participants reporting measures at or below the 
middle value on the survey. As a result, one of the primary assumptions of running an ANCOVA 
is not fulfilled, and the output may not reflect trends that would be observed in a normally 
distributed sample. In an attempt to counteract this skew in the social belongingness data, a 
median split was created and a between-groups analysis was performed. Results of the median 
split ANOVA found that participants with high belongingness had lower levels of perceived 
stress than those with moderate belongingness on days with and without academic exams. These 
results were unexpected, as it was predicted that individuals with higher levels of belongingness 
would show a smaller increase in perceived stress across sessions. These results imply that 
belongingness does not necessarily buffer psychological exam stress reactivity. However, 
individuals with high levels of belongingness experience lower psychological stress in general. 
These conclusions seem to agree with past literature which emphasizes the general benefits of 
social belongingness on stress (Asghar, 2019; Renk & Smith, 2007).  
Secondly, other individual difference measures outside belongingness may be more 
robust predictors of exam stress reactivity. For instance, perhaps individual differences that 
buffer the stress response must share the same domain as the stressor. Since exams are academic 
SOCIAL BELONGINGNESS AND EXAM STRESS                                                                22 
stressors, and low levels of belongingness is a social stressor, the two may not interact with one 
another. More specifically, participants who experience social stress may not be as prone to 
academic stress and vice versa. Future research could investigate whether high levels of 
belongingness buffer other types of stress reactivity, such as that following a social rejection 
paradigm. Additional studies could also investigate test anxiety, which is more relevant to exam 
stress, as a potentially better predictor of physiological and psychological stress reactivity. By 
not investigating further areas of individual variability, an analysis of social belongingness may 
be hiding the true effect.  
Exploratory Analyses 
Results of the correlational analyses were in agreement with the expected trends. Based 
on the results of the median split ANOVA, the positive correlation between baseline perceived 
stress and exam perceived stress is reasonable. The strong, negative correlations between social 
belongingness and perceived stress at both time points supports the conclusion that individuals 
with high levels of belongingness experience less stress generally. Lastly, since belongingness 
and loneliness are close antonyms, it was not surprising to see a strong, negative correlation 
between them. This expected trend further affirms the reliability of the Social Connectedness 
Scale and the UCLA Loneliness Scale in measuring social belongingness and loneliness 
respectively.  
Strengths & Limitations 
The present study had high levels of generalizability due to its implementation at two 
diverse schools. By conducting the study at two relatively different (i.e., small vs. large; public 
vs. private) schools, the results provided a more comprehensive image of different types of 
colleges in the United States. Belongingness may present itself differently across schools. While 
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large universities offer a large number of student organizations and involvement opportunities, 
small colleges may have a more intimate social environment. Class sizes are often smaller in 
small colleges, so exam stress may be higher due to an increased sense to prove oneself. 
However, exam stress could also be higher in large universities due to higher degrees of social 
comparison. 
Analyzing exam stress in particular provided a real-life, predictable means of 
manipulating stress responses in undergraduate students. Through using a natural, rather than 
lab-generated, stressor, the risk of creating an artificial lab environment was greatly reduced. 
Additionally, this study utilized two different measures of physiological exam stress reactivity 
(i.e. cortisol and IL-6), providing more comprehensive results than the majority of previous 
literature, which only focused on one measure (Poll et al., 2007; Kamezaki et al., 2012). 
Academic stress in undergraduate students is very prevalent, so research investigating risk 
factors that tend to contribute to enhanced stress responses is important. Our findings provide 
information that can be integrated to develop real-life interventions to help undergraduate 
students succeed academically.  
However, a variety of limitations exist in the creation and implementation of the 
experimental protocol, which may have contributed to the observed null results. It is important to 
note that PSS and social belongingness measures were obtained through questionnaires, leading 
to the potential for self-report and/or social desirability bias. Participants may over or 
underreport their perceived belongingness based on their fleeting attitudes towards their social 
environment. Since the social lives of college students tend to vary frequently, a momentary 
social belongingness measure may not be representative of their overall sense of belongingness 
(Lee et al., 2002; Renk & Smith, 2007). The high levels of belongingness reported in this study 
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may be due to social desirability bias, as students may overreport their belongingness to be 
viewed favorably. Additionally, changes in physiological and psychological stress measures 
between baseline and exam stress sessions may be due to extraneous variables (i.e., family 
events, extracurriculars, social lives), and not attributable to the academic exams themselves. As 
a result, physiological and psychological stress values taken during the exam stress session may 
not be representative of academic stress itself, distorting the results.  
Most participants in the present study completed the baseline session first, followed by 
the exam stress session. Participants likely experienced reductions in general stress during their 
second session due to knowledge of what to expect during blood/saliva collection, familiarity 
with the lab room and protocol, and rapport with the research assistant. To control for these 
possible temporal effects, some participants completed the exam stress session first. However, 
very few participants did so, making our ability to control for the session order relatively small.  
It is also important to note that slight differences in protocol were implemented midway 
through data collection. The presence of the COVID-19 pandemic prompted our study team to 
alter protocol logistics in order to maintain social distancing. Specifically, questionnaires were 
completed remotely in participants’ own space rather than under observation of the research 
assistant. This could increase the possibility of distraction, reducing the accuracy of various self-
report measures. Blood collection was completed by the participant rather than the research 
assistant, potentially increasing participant anxiety, and therefore physiological stress reactivity. 
Additionally, COVID-19 screenings were completed the day before study sessions, which may 
cause participant anxiety regarding potential COVID-19 exposure or risk. Although changes to 
the protocol in response to the COVID-19 pandemic were minimal and necessary for participant 
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safety, they may have caused participants towards the end of data collection to have a slightly 
different experience than those who came into the lab before the pandemic.  
Future Research 
Given these limitations, future studies should seek to replicate a similar study across 
many types of universities (i.e., size, location, ivy league) to further improve the generalizability 
of the results. Similar methods could be adapted for other student age ranges, such as middle and 
high schoolers. Identifying factors that influence exam stress reactivity in these younger age 
populations may allow interventions to be developed earlier, thus creating meaningful change 
before college. Longitudinal studies could investigate how the role of social belongingness 
changes throughout the lifespan. For example, is there a particular age range in which 
belongingness is most related to stress reactivity? I would predict that belongingness is 
particularly important during adolescence, as this is the most salient time when individuals begin 
to define themselves on the basis of their friendships and overall social environment (Van Ryzin 
et al., 2007).  
Future studies could further investigate similar variables by manipulating social 
belongingness and assessing its impact on stress. Inducing feelings of inclusion/exclusion in the 
lab would increase control but potentially decrease external validity, suggesting that a combined 
methodological approach may be most effective. Following these studies, the effectiveness of 
various stress-reduction interventions could be analyzed to potentially improve academic 
outcomes (i.e. GPA, memory) and psychological well-being (i.e., anxiety, mood).  
Conclusion & Implications 
The fundamental need to belong is essential to the human experience, shaping our social 
interactions and support systems (Baumeister & Leary, 1995). Results of the present study 
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suggest that undergraduate students with high levels of social belongingness may experience 
lower levels of psychological stress. The null results regarding the physiological stress response 
(i.e., cortisol, IL-6) demonstrate the importance of further investigating stress and social 
belongingness in future studies. Such knowledge could aid universities in targeting 
belongingness initiatives early in the undergraduate experience, potentially improving not only 
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Figure 5. Repeated-measures ANOVA analyzing cortisol across sessions with social 
belongingness as a covariate 
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Figure 6. Repeated-measures ANOVA analyzing IL-6 across sessions with social belongingness 
as a covariate 
 
SOCIAL BELONGINGNESS AND EXAM STRESS                                                                36 
 
Figure 7. Repeated-measures ANOVA analyzing perceived stress across sessions with social 
belongingness as a covariate 
 
 
 
